A first experimental demonstration, combining the methods of vibrationally mediated photodissociation (VMP) and ionization-loss stimulated Raman spectroscopy (ILSRS) for measuring cross-sections for dissociation of vibrationally excited levels is reported. The action spectrum obtained in the VMP of methylamine exhibits enhancement of the H photofragment yield as a result of initial vibrational excitation and the ILSRS monitors the fraction of molecules being excited. The partial cross-sections for H production out of the sampled vibrational states and the extent of mode-selectivity were thus determined.
INTRODUCTION
The detailed investigation and control of molecular dynamics attracts considerable interest. Studying its important aspects has contributed considerably to our understanding of reactivity, allowing pursuing and in favorable cases even controlling unimolecular and bimolecular transformations of polyatomics. 1, 2, 3, 4, 5, 6 Excitation of specific reagent vibrational states is well suited for exploration of the detailed quantum molecular dynamics and for driving transformations from particular quantum states of reactants to defined states of the products. In half-collision processes specific quantum states of reactants, prepared via one-or two-photon excitation, are subsequently excited to dissociative states and the ensuing product states probed. If the excitation energy is localized and preserved in the excited bond or mode until the photodissociation process occurs, bond-or mode-selectivity might occur.
Consequently, selectivity strongly depends on intramolecular energy redistribution (IVR) 7, 8 and on additional factors including the involved potential energy surfaces (PESs), the dissociation energy and the possible dissociation channels.
Here we examine this issue for the prototypical seven-atom methylamine (CH 3 NH 2 ) molecule, which is the simplest primary amine exhibiting internal-rotation and inversion motions, found in more complex molecules. Because of its importance, methylamine and its deuterated isotopologues have been a target for numerous experimental and theoretical studies exploring their dissociation, 9, 10, 11, 12, 13, 14, 15, 16, 17 and structural and spectroscopic 18, 19, 20, 21, 22, 23, 24, 25, 26 properties. Most of the previous dissociation studies have been performed without characterizing the initial quantum state of the methylamine on the ground, X , or the first electronic state, Ã . These studies include methylamine photolysis with broadband radiation (194 -244 nm), 9 where four dissociation pathways were found: a major channel corresponding to hydrogen atom release through N-H bond fission and three minor channels for molecular hydrogen elimination from the amine and for C-H and C-N bond breaking. In addition, the mass-selected translational energies of the fragments 10 
II. EXPERIMENT
The experiments were performed in a home built time-of-flight mass spectrometer In the VMP experiment, Fig. 1(b) , a fixed wavelength of 243.135 nm was used to promote vibrationally excited molecules to the first excited electronic state, Ã , and to probe the ensuing H photofragments. This wavelength was chosen for probing the H photofragment via (2 + 1) resonantly enhanced multiphoton ionization (REMPI) through the 2s 2 S 1s 2 S two-photon transition. For monitoring the Raman signatures of methylamine and for detecting the H photofragments, the SRE beams preceded the UV beam by ~ 15 ns. This delay and the above mentioned energies of the SRE beams were chosen to minimize the photoionization of the excited vibrational states. In addition, special care was taken to assure that the size of the SRE beams in the interaction region is larger than that of the UV beam.
Ions formed via the ionization processes were extracted, accelerated and passed through two pairs of orthogonal deflectors and an Einzel lens prior to entering the field free drift region and eventual detection by a microsphere plate. The detector output was fed into a digital oscilloscope, a boxcar integrator and passed to a personal computer for further analysis. Raman signatures of methylamine and SRE dependent action spectra, monitoring the yield of the H photofragments released in the VMP, were obtained by sampling the molecular ions or the H ion yield, respectively, while scanning the S laser wavelength and fixing the UV laser wavelength at the above mentioned wavelengths. Figure 2 shows the H action (a) and the ILSR (b) spectra in the N-H and C-H stretch fundamentals region of methylamine, where in the former more bands appear due to the higher signal to noise ratio. Moreover, it is interesting to note that the bands appearing in both types of spectra show a different intensity pattern. In particular, features corresponding to 2 5 , the overtone of the CH 3 degenerate deformation, and 5 + 6 , the combination of the CH 3 symmetric deformation with 5 , are of low intensity in the ILSR spectrum, and become more pronounced and of the order of stretches [N-H symmetric ( 1 ), degenerate CH 3 ( 2 ), and CH 3 symmetric ( 3 )] in the action spectrum. This can be due to the different origin of these two types of spectra, where the ILSR spectrum reflects the extent of depletion of ground state methylamine molecules as a result of vibrational excitation, while the action spectrum the yield of the departing H photofragments. Thus the ILSR spectrum represents the Raman vibrational spectrum at low temperature and is very similar to our previously measured room temperature photoacoustic Raman spectrum (PARS). 13 Nevertheless, comparing the action spectrum to the ILSRS spectrum is advantageous since it exhibits narrowed rotational state distribution and reduced inhomogeneous structure. The action spectrum arises from the dissociation of vibrationally pre-excited and vibrationless ground state [baseline in Fig. 2(a) ] methylamine molecules. As previously suggested, 13 the large enhancement of the 2 5 and the 5 + 6 bands in the action spectrum seems to be related to the UV excitation, through the Ã X transition (see below).
III. RESULTS AND DISCUSSION
Previously, 13 we determined the enhancements factors for each of the features by dividing the peak areas of a particular feature in the action spectrum to that in the PARS and normalizing them to the intensity of the 2 band. Here an alternative and more quantitative approach is used, where the partial absorption cross sections for H photofragments production, out of the vibrationally excited states, is determined by accounting for the pumping efficiency or the fraction of excited molecules, f exc , and the enhancement factors, E f , for each of the vibrational states. Table 1 .
The E f were determined via the VMP experiment in which the methylamine was excited with combined energies (SRE + UV) of ~ 43 900 -44 500 cm -1 to accesses the 7 ' + 2 9 ' and 7 ' + 9 ' ( 7 ' -CH 3 rock and 9 ' -NH 2 wag) 12 combination bands on the Ã state and predissociated thereafter. The action spectrum of Fig. 2(a) was used to determine E f by taking the ratio between the maximum signal for a specific band and the off-resonant signal (the base line) in its vicinity, and they are given in Table I .
Considering that f exc for the different vibrational states leads to the corresponding E f and accounting for the cross-section for excitation of vibrationless ground state methylamine molecules at 243.135 nm, 243 , the values for the partial cross-sections, for H fragments production out of the vibrational states, vib , at this wavelength can be calculated. Thus, taking into account the measured value of 243 , 0.05 Mb, 29 (1 Mb = 10 -18 cm 2 ), the partial cross-sections, vib , were calculated via the relation vib = E f 243 /f exc and are given in Table   I . Also given, for comparison, are the cross-sections, , for excitation of vibrationless ground state at the combined (vibrational + UV) energies as retrieved from Ref. [29] .
As can be seen from Table I, 
IV. CONCLUSIONS
The present study combines, for the first time, VMP with ILSRS to provide a quantitative measurement of partial absorption cross-sections out of initially excited vibrational states. By determining the f exc from the ILSR spectrum and the E f from the action spectrum, the vib for a specific UV wavelength could be determined, implying a mode dependent behavior, which is quite surprising for such a large and flexible molecule. 30 Beyond the first demonstration, the importance of the ILSRS method is that it can be applied to predissociating molecules or molecules with a UV chromophore, for attaining the resulting selectivity. Cross-sections retrieved from Ref. [29] for excitation of vibrationless ground state molecules by energies corresponding to the respective combined excitation energies (vibrational + UV) for each of the vibrations. 
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